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A. Preface 
C~P~RO~ 
INTRODUCTION 
In years past, a common electric light source was 
represented by the incandescent lamp. This lamp functioned 
by the flow of current through a wire filament which became 
white hot and thereby produced light. This light source was 
somewhat inefficient and undesirable, as far more energy was 
dissipated into wasteful heat than into useful light. Fur-
thermore, the amount of light produced was confined to a con-
centrated area. These undesirable features were overcome in 
the much cooler and more efficient fluorescent lamp. In this 
light source nearly all of the energy is consumed in useful 
light which is more pleasantly distributed over a dispersed 
area. 
From this fluorescent lamp, the fluorescent fixture 
industry was created. In its first decade of existence it 
became one of the fastest growing industries in the economy. 
In its second decade, the industry has continued to show 
healthy growth, though not as great as the first decade. The 
industry has its problems but it sho~ signs of solving them 
and continuing its growth of the past. 
B. Scope of this study 
An industry is obviously too broad to cover all of 
8. 
its aspects in a thesis of this nature. This study is in-
tended to acquaint an uninitiated reader with the fluores-
cent lighting fixture industry in terms of major processes, 
problems, and potential. It is also intended to stimulate 
the thinking of industrial readers about the past, present 
and future of this important industry. 
Because the industry is still relatively young, 
this study covers its entire life span, in fact starting be-
fore the actual beginnings of the industry. The study is con-
centrated on the workings of the fluorescent fixture industry 
itself. 
Most of the material in the study is based on the 
practices and policies of the industry leaders and, therefore, 
it may not be entirely representative of the industry as a 
whole. On the other hand, the top thirty-three manufacturers 
account for seventy percent of the market. The study does 
not attempt to solve any industry-wide problems or to present 
any new concepts. It merely records the existing conditions 
and the results that may be expected from these conditions in 
the future. 
C. Work Done by Others 
Material pertaining to the fluorescent lighting in-
dustry is surprisingly scarce, probably because of the intense 
competition in the industry. Individual companies guard 
jealously their internal affairs since it is common practice 
for the small companies to copy the designs and innovations 
of the industry leaders. 
Also, since the industry is still young and not of 
any major significance in our economy, very few books have 
been written about it. In fact, I have discovered no single 
book completely devoted to the industry. Most of the study 
material is from periodicals, bulletins, industry publica-
tions, and trade associations. The United States Department 
of Commerce has published two reports on the industry, one 
in 1952, and the other in 1958. 
Since most of the industry is privately owned, 
there has not been any great incentive for outsiders to inves-
tigate and submit reports from the viewpoint of the general 
investor. As more companies become public corporations to 
broaden their financial bases, more will be written in this 
area. Some of the material pertaining to the fixture busi-
ness has been published as a by-product of work done in the 
lamp industry. In addition, technical bulletins from the 
ballast industry usually have some facts pertaining to fix-
tures. This report is one of the few that covers both the 
manufacturing and marketing phases of the business, along 
with a chapter on the industry's early beginnings. 
D. Approach 
This thesis has been written in three parts, the 
history of the industry, the manufacturing and marketing 
practices, and the future growth and potential of the indus-
try. This is first to familiarize the reader with the in-
dustry by reporting on its origin and growth to the present 
10. 
and then to present the industry as it is today. The last 
phase is to record the logical conclusions that may be drawn 
from the first two parts. 
11. 
CHAPTER TWO 
HISTORY OF THE FLUORESCENT LIGHTING FIXTURE INDUSTRY 
The history of the fluorescent fixture industry 
actually starts with the development of the fluorescent 
lamp. This development began with the discovery of lumi-
nous materials. 
The first record of phosphorescence was around the 
end of the first millennium A.D., when it was noted that an 
oriental painting of a grazing bull continued to gbw after 
dark. In 1602, a shoemaker in Bologna, Italy, discovered a 
substance that was luminous after exposure to a strong light. 
Fifty years later a scientist found that the color of the 
phosphorescent light was independent of the color of the ex-
citing light, proving that the phenomenon was not due to the 
storage of light in a substance. The investigation of these 
effects became fashionable and explanations varied; for ex-
ample, Newton, in 1704, attributed fluorescent effects to 
internal reflection. Others said internal dispersion was the 
real cause. In 1853, the Irish physicist Stokes first pub-
lished a law which was of benefit in connection with the de-
l. 
velopment of fluorescent materials. 
Soon afterward (1859}, the French scientist 
Becquerel described tubes containing luminescent materials 
12.-
and rarified air. Although his tubes were not successful 
light sources, the idea was studied further in Belgium, 
England, France, Germany, Holland and the United States. 
Thomas A. Edison invented a fluorescent lamp in 1896, but it 
was not practical. 
In the 1920's the idea of fluorescence was well 
known to scientists. Phosphorus and mercury discharges were 
then old subjects but the proper combination of (1) an effi-
cient ultraviolet source and (2) fluorescent materials of 
high response to that particular type of ultraviolet radia-
tion had never been found. Ey 1930 developments had pro-
ceeded to the point where the component parts as used today 
were familiar to the workers in the field. It had been dem-
onstrated that ten microns of mercury pressure was the optimum 
value for efficient production of ultraviolet. Other work had 
indicated the requirements for the operation of electric dis-
charges at low pressures, and activated cathodes and the pro-
per pressure of filling gas were correlated to give cathodes 
of long life. Practical fluorescent light sources were soon 
to follow. The production of light by fluorescent coatings 
on the inside of tubing was being employed by the French and 
Germans in the early thirties, and by 1934, the development 
was undertaken by the United States lamp designers. 
In 1934 a General Electric consultant saw a fluor-
escent lamp in England and wrote to Dr. Enfield describing 
it.* A group of General Electric engineers, under the manage-
*See Appendix A, page 73. 
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ment of Dr. Enfield, were working on the development of a 
lamp for General Electric at Nela Park, Cleveland, Ohio. In 
the early stages, the group was made of Dr. George E. Inman, 
Dr. Willard A. Roberts, Richard Thayer, and Eugene Lemmers. 
Dr. Inman directed the project and took an active part in the 
development work. 
In December 1934, the group made a lamp ten inches 
long and three quarters of an inch in diameter, with an 
electrode at each end. 
In 1935, a group of naval men were introduced to 
the fluorescent lamp at a meeting; they were the first people 
outside General Electric to see the lamp. 
In early 1936, Philip Pritchar started developing 
machinery for the production of lamps and in September of 1936, 
14. 
a two-foot lamp was on display at the Illuminating Engineering 
Society Convention in Cincinnati. The lighting engineers attend-
'ing the convention were interested but not overwhelmingly im-
pressed. In November 1936, at a dinner in Washington, D. C., 
celebrating the one hundredth anniversary of the founding of 
the U. s. Patent Office, the guests saw for the first time an 
application of fluorescent lighting. The new lamps, furnished 
by General Electric, provided much of the illumination in the 
large banquet hall. On April 21, 1938, General Electric Company 
announced the introduction of fluorescent lamps as a regular line 
and they were placed on public sale.2 · 
In the spring of 1938, the lamps were on display at 
the New York World's Fair and the Golden Gate Exposition in 
San Francisco. Millions of visitors viewed the displays at 
the events. 
In October 1941, the Patent Office granted a patent 
to George Inman covering the basic principles of practical 
fluorescent lamp design. The application had been filed in 
April 1936. In addition to this patent, General Electric 
had purchased in 1939 the United States rights to a patent 
application in the names of Myer, Spanner, and Germer. This 
patent related to a basic fluorescent lamp invention made by 
these three German physicists. Now that the lamps were past 
the development stage, managers of the General Electric Lamp 
Department thoughtfully considered a series of questions and 
problems. 
1. Would customers accept the new tubular shapes, 
the new patterns of light distribution, and the differ-
ent color quality of the light from these lamps? 
2. Would they accept the comparative bulkiness 
of the lamps for handling? 
3. How would the public react to base pins and 
~ampholders which are quite unlike the conventional 
screw base and socket of the incandescent bulb? 
4. How would the public react to the fact 
that one fluorescent tube could not be replaced in 
the same fixture or mounting by a lamp of another size? 
5. How would the lamp be used - for decorative 
purposes or for general lighting? Many people at 
15. 
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Source: Westinghouse Electric Corporation 
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General Electric felt that they were merely for decora-
tive purposes. Not many could visualize wide accep-
tance of the lamps in general lighting applications. 
6. They were more expensive to make than incan-
descent bulbs and sold at higher prices. Also, 
purchasers would have to buy and install auxiliary 
equipment wherever the lamps were used. 
In this last statement we have the beginning of the 
fluorescent lighting fixture industry. In comparison to the 
fluorescent lamp, the development or the fixture was much 
less dramatic and planned. When General Electric finally 
perfected the lamp, they looked around for a "holding fix-
ture" for the lamp. They decided to use a die-formed channel 
produced by Curtiss Lighting Company of Chicago. Curtiss sold 
these channels to be used with incandescent bulbs for display 
lighting in store windows. General Electric engineers devel-
oped a ballast*, which is needed to light the lamps, to fit 
the width of the Curtiss channel. In the very early stages, 
General Electric salesmen sold the fixture, as we know it 
today, in its broken-down components. The salesman and the 
contractor planned how many lengths of channel to use plus 
the component parts** of ballasts, sockets, covers, and of 
course, lamps. These various parts were shipped to the con-
tractor who assembled the completed unit on the job location. 
This practice continued until the Sylvania Electric Company 
*See Appendix A, page 77. 
**See Appendix A, page 76. 
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decided that it could increase its fluorescent lamp sales 
if they sold a fixture with the lamps. These were the first 
assembled fixtures sold to the public. This was also a 
device to circumvent the production restrictions that Gen-
eral Electric had placed on companies producing fluorescent 
lamps under General Electric patents. 
Shortly after the introduction of the Sylvania Fix-
ture, in the middle of 1939, General Electric engineers 
designed a new type fixture, known as a troffer*, which is 
hung into and flush with the ceiling. A Boston insurance 
company, New England Mutual Company, was interested in them, 
so General Electric had the A. L. Smith Iron Company make a 
sample for the job. The A. L. Smith Iron Company became in-
terested in fluorescents and decided to use the sample to bid 
for the New England Mutual Insurance Company project and won 
the contract. They developed into one of the top ten producers 
in the field and changed their name to Smithcraft Corporation**. 
Other fluorescent fixture manufacturers such as Daybrite, 
Miller, Benjamin, and Guth came into being at approximately 
the same time. This then was the b~nning of the fluorescent 
lighting fixture industry, that saw its first experimental 
stage in 1934 and its first commercial development in 1939. 
The industry attracted many other fixture manufac-
turers and grew rapidly until its progress was temporarily 
halted by World War II in 1941. At the end of the war, the 
*See Appendix A,, page 80. 
**Smithcraft is discussed in detail on page 41, Chapter Four. 
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·industry boomed as construction and redecorating projects 
grew with leaps and bounds. The number of fluorescent fix-
ture manufactur-ers grew with such rapidity that today they 
number more than seven hundred firms. 
20. 
A. Growth 
CHAPTER THREE 
INDUSTRY TRENDS AND GROWTH 
In 1939, at the advent of fluorescent fixtures, 
there were five hundred and sixty-eight fixture manufacturers 
of the incandescent type. In the next census of 1947, with 
the birth of fluorescent fixtures in the industry in 1939-
1940, the number grew to twelve hundred and two manufacturers 
of fixtures of all types. Assuming that the incandescent* 
producers remained at the same level, it would mean that 
seven hundred and thirty-four fluorescent fixture manufac-
turers entered the industry in the short period of eight 
years. This is tremendous growth when compared with the in-
candescent fixture manufacturers. The first census report on 
incandescent ~tures was in 1899, with three hundred and 
seventy manufacturers. From 1899 to 1939, the industry grew 
from the three hundred and seventy to five hundred and sixty-
eight - an increase of one hundred and ninety-eight manufac-
turers over a forty-year period. The growth from 1939 to 
1947 is even more remarkable since 1941-1945 was a war period 
with extreme shortages of materials and manpower with which 
to start new businesses. Since the tremendous spurt that 
doubled the number of fixture manufacturers, the growth has 
come to a complete standstill as far as new manufacturers are 
*From 1899 to 1937 the number of incandescent manufacturers 
ranged from 357 to 619. 
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eoncerned. The 1954 census reported twelve hundred and twen-
ty-eight fixture manufacturers and the 1958 census reported 
eleven hundred and eighty-one. These figures bear out the 
heavy competition in the industry, and that after the heavy 
influx of new companies during the earlier period, the number 
of existing firms has leveled off. 
Although the growth in numbers of manufacturers has 
leveled off and even dropped, the sales volume has had steady 
growth. Of course, the value of shipments in the past few 
years has not been as spectacular as in the earlier period 
when total sales for the industry went from $121.~ million in 
1939 to $465 million in 1947. From the 1947 period, sales 
volume climbed to $634 million in 1954, and $765 million in 
1958. The growth has been steady except for dips in 1952md 
1954, and prices have remained stable. 
Of the $634 million in 1954, fluorescent fixtures 
captured $139 million of the market, and of the $765 million 
in 1958, fluorescents had sales of $186 million. These fig-
ures show that while the sales of all types of fixtures grew 
by twenty-one percent from the 1954-1958 period, the fluores-
cent fixture growth was thirty-four percent, which means that 
fluorescents are taking a larger share of the available market. 
This is a very encouraging aspect for the fluores-
cent fixture producers. Fluorescent fixture sales are grow-
ing in a market where they presently have only twenty-five 
percent of the sales. This gives it plenty of room for growth! 
without having to tap any other markets or sources. 
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Sales of Fluorescent Fixtures 1954-1958 
Type 1954 1958 
Surface 78,646 94,263 
Recessed 12,475 28,895 
Industrial 31,756 38,256 
Industrial Specials 2,983 2,624 
Area Lighting n/a 9,051 
Residential 13,211 12!970 
Totals 139,071 186,059 
As can be seen from above, the biggest increase by 
type of fixtures has been in the troffer type fixture. All 
indications are that this trend has not yet peaked and that 
with future innovations already planned involving the troffer 
fixture, it will in all probability be the leading commercial 
type in the near future. Another major change is the interest 
in area lighting.* These installations are used mostly for 
luxury lighting in executive offices or for institutions such 
as banks. 
B. Future Growth 
The outlook for fluorescent fixture sales for the 
next decade is promising. Indications are that the share of 
the market will continue to grow with new innovations soon 
to be put on the market. This growth will be mainly from the 
following trends: 
1. Higher illumination levels. 
*See Appendix A, page 83. 
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Tii.DLE I 
FUTURE LIGETING LEVELS 
In The 1960's 
foot-Candlos for 
Accaptablo Ple~nt Li(Jhting 
Typiu.l Industrial Areas Old Standard New Standard 
e!'ectricol testing .......................................................................... 50 ............................ 1 00 
Foundry pouring floor ....................................................•.......•..... 10 .............................. 50 
Structural •teel fabrication .......................................................•.. 1 0 .............................. 50 
Machine-•hop, rough work .......................................................... . 20 .............................. 50 
Machine-shop, medium work ................................................... .. 50 ............................ 100 
Wrapping, packing, labeling oceas ... . . ............................. - .............................. 50 
Sheet metal: •hearing, •tampin(,. spinr.ing ................................ 20 .............................. 50 
Auembly oreao: medium ......... .. .................................... 50 ............................ 1 00 
A•U!mbly areao: extra line .... .. ..................................... 300 .......................... 1000 
Collonr mill: slubbing, roving, spinning ...................................... 20 ............................. 50 
Silk and •ynthetic weaving a reo ................................................. 30 ............................ 1 00 
Woolen weaving (colored) ......................................................... 60 ....................... ., ... 200 
Furniture Uj.!hOIIIet)' noor ............................................................ 30 ............................ 100 
Welding floor ................................. : .............................................. 30 .............................. 50 
Pointing area>: dipping, •praying ............................................ 20 .............................. 50 
Ho•pitol: emergency area ............................................................ 50 ............................ 1 00 
Office~: accounting, tobu'loting, rough draft .............................. 50 ............................ 150 
Office>: moil sorting, >cth•e filing, regular office work .............. 30 ............................ 1 00 
Offices: detail drafting .................................................................. 50 ............................ 200 
Foot-Candles for 
Acceptable Plant Lighting 
Areas Needing Supplemental Lighting Old Standard New Standard 
Canned food inspection ............................................................... 150 ............................ 200 
Cloth producta ln1pection .. _. ........................................................ 300 .......................... 2000 
Sewing area• ............................................................................... 200 ............................ 500 
Machine shop: fine work .................................................. 100 ............................ 500 
Rubbera tire, tube, final inspect.on . .. . .. ..................... : ..... 50 ............................ 200 
Sheet metal .cribing .................................................................. 100 ............................ 200 
Woolen textile inapection ..... . . . ...................................... 300 .......................... 2000 
Leothera shoe cutting, marking, stitching .................................... 20 ............................ 300 
Source: Factory Management and Maintenance 
October 1958 
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.. 
Jllumination levels have been steadily increas-
ing and in a recent survey made by Dr. Blackwell*, 
levels two and three times higher than present levels 
are recommended to perform jobs rapidly and accurately. 
If Illuminating Engineering Society recommendations are 
followed lighting levels will at least double in the 
next ten years.3· 
2. New construction. 
With the population explosion and higher standard of 
living and therefore, "higher standard of ~mrking 11 , new 
commercial and industrial construction requirements are 
k 4. li,ely to double before 1970. Along with this new con-
struction, the fluorescent fixture industry will take a 
larger share of the lighting for this new construction, as 
shown by its increase in share of the market from 1954 to 
1958. Also with innovations in fluorescent fixtures, they 
will have a bigger share of the lighting business. 
3. Relighting. 
Relighting is only now starting to effect the in-
dustry and should increase at a rapid rate. Since the 
fluorescent fixture industry is only twenty-two years 
old, the obsolescence of the earlier installations is 
just beginning. The age of the fixtures along with the 
higher illu~ination recommendations and styling all 
point to a huge program of relighting. 
4. Higher equipment cost. 
*Director of the Vision Research Laboratories, 
University of Michigan. 
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With fixture designs becoming more sophisticated, 
the cost of installations has increased. Therefore, 
for a given amount of fixtures, their share of the 
dollar value of the market is higher. 
c. Present and Future Developments 
1. Present development. 
At least two companies, Daybrite and Sylvania 
have already marketed recessed troffers that can be 
used for air-conditioning. Though the present types 
are rather crude corruptions of the standard troffers, 
the principle could well be the most important since 
the instant start ballast that eliminated starters. 
The present models have baffles in the upper part of 
the unit with a hole in top leading to flexible tub-
ing. Air flows through the tubing and diffuses through 
and out of the unit. Other companies are planning 
their own air-handling troffers and each new entry 
will probably have some improvement over current mod-
els. These units will not only provide air-condition-
ing but will afford less cluttered ceiling structures 
since the lighting fixtures will be the air-carrying 
ducts. 
2. Future developments. 
There are two completely opposite theories of the 
future of fluorescent fixtures. One is the completely 
integrated ceiling system backed by General Electric; 
the other is the electroluminescence panels developed 
26. 
by Westinghouse. 5 • 
a. Integrated ceiling systems. 
This system has evolved from the high 
levels of illumination that have been recom-
mended for today's requirements. As the foot-
candles of lighting increase, so does the heat. 
General Electric has developed and marketed a 
power groove lamp that has very high foot-
candles but the ballast used is a 1500 milleamp 
ballast that produces high heat. As the foot-
candles increase, the problem arises as how to 
get rid of the heat. From this came the devel-
opment of air-conditioned units, and now General 
Electric is experimenting with lighting for 
light, cooling, and heating. In this system, 
heat transfer from a lighting system to cooler 
areas or objects takes place in two ways. Radiant 
heat follows the same path as light. It is short-
wave infrared energy that passes through both 
glass and air with little absorption. When it 
strikes a person, surface or object, it is ab-
sorbed or reflected and a sensation of temperature 
rise results because of absorbed energy. 
The second type is conducted-convected heat 
transferred from a hot object to the surrounding 
air-conduction. The warmer air then moves by grav-
ity or circulation (convection) to a cooler object 
27. 
ReDuc~o 
8'1' 1.1 !91 N 1,; 
- ,:_ ll -r ~ 0 •, ·' 
' ' I I I • ., 
~1\l T !.~ .: R f..~ .S. .. ' C E.; i.. f N ;;:. 
Cci..;;, ... · ~ 'G"· .~ t: ~ .)~·.;~ 1,;: r'--n:.. ~ .. 7·..-:-; 
" Vd\ > ·r ""-. .. AIR ---......... 
~ -... ;'-l#i 
i I 
i - .. ~1-! J!'t·.:/ ,~·, -,. 
.f. lOP,~ l,v;~·.; 
\00 ~0 \5'.; i ;r•~ ·,.::_. -~-- r-~ 
CO ,1,1 V l;:.f'.JT 1 oN r.!- ---"' .~-r·1· · , ; I i · 
_..··--/· \ : ( ~ I .- 1:--; c· IN f.· 
-",.J-1 
- :-t-~•f-; L.t") ,·.~:· WI 5') TO l"t' 
(V":·-·. ·._:- ' ., ·~ : : ~. 
1-/t:;,~T LOA:,.;> 011-il-'i-'. 
TriA~ l.i<Sii1'1NIS 
(so,I.A~ 1 P•c' 1 '...t:.,r1AIJ.IiNH"1 v;,;:) 
! 
____________________ j _________ ., .• ·• ------···-· 
0 So fc 100 -K 1~0 fc. 
(-v._;;;· ; ;. " ' /:,; < ) ! ;:: :_; 
' ' 
' ' 
AVe..R.A~ IL.t.l.Jtv~I~AT ION J.-,C lit:\-
L' c- , .. ,.r IN G- /-I e A r 
Ttl p,oorf•J11!AT-!N(,. RIE~UIAGI""'ItONT 
c. u. 
28. 
F·')<>f (·t~r.t:)L...L$ 
! 
-·<' ------ ... ':----~ ', 
' It• 
where heat is again transferred, warming objec~ 
surfaces, and occupants within the room. Because 
the flow of air currents is the key factor in the 
transfer of this heat, the controlled flow of 
heated air to keep it away from people in the 
room in warm weather, or to utilize it more effi-
ciently in cold weather, is the objective of inte-
grated systems. The influence of lighting heat 
on the total heating system capacity required for 
a building varies with the lighting level, the 
type of light source, the efficiency of the light-
ing system, and the design of the building. Air, 
heated by the lighting system to 80-100 degrees 
Fahrenheit could, if properly controlled, become 
valuable in cold weather inhelping maintain a room 
temperature condition of 70-75 degrees Fahrenheit. 6 · 
A system of distribution is required. Also, as the 
weather moderates, a thermostatically controlled 
mixture of outdoor and recirculated air offers 
additionaladvantages in maintaining room comfort. 
With lighting heat available as a supplement 
to a heating system, reductions in capital invest-
ment for boilers, chimneys, and long distribution 
ducts are possible. For example, in a twenty story 
office building with an overall average of one hun-
dred footcandles of fluorescent lighting, the heat 
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generated is equal to approximately two-thirds 
of the building heat loss, when outdoor conditions 
are at zero degrees, and the wind at fifteen 
miles per hour. 
Although not in the fixture business, General 
Electric has an interest in the success of the sys-
tem, since they supply approximately fifty percent 
of the fluorescent lamps sold and a substantial 
share of the ballast market. 
b. Electroluminescence panels. 
Both Westinghouse and Sylvania have worked on 
the development of electroluminescence panel. The 
panels are made of glass and coated with a layer of 
phosphorus which lights up when electricity is 
applied. Westinghouse technicians believe that 
the panels will eventually replace fluorescent 
tubes, and therefore eliminate the need for fix-
tures. At present the panels are still much too 
expensive for general use and efficiencies are low. 
Of course, these are some of the same problems 
that confronted the fluorescent lamp in the 1930's, 
and in time they were solved. 
There is little doubt that in the next decade 
the problems of the electroluminescent panels will 
be solved and they will offer serious competition 
for fluorescent fixtures. 
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CHAPTER FOUR 
FLUORESCENT MANUFACTURERS 
Although there are a few relatively large firms 
that are able both to design and manufacture their fix-
tures, the basic industry pattern is that of a large number 
of small firms engaged in an assembly operation, crowding 
for a place in the market. Even the largest firms have 
only a small share of the total business. The lighting fix-
ture industry is composed of many types of companies. The 
largest firms produce both fluorescent and incandescent fix-
tures, but smaller companies usually produce only one type. 
Fixtures are either stock items, frequently of a standard 
type, or products which are specifically designed and custom 
made. The larger firms do a substantial volume of the custom 
business. Manufacturers also produce for several types of 
user markets. The major companies in the field produce for 
the commercial, institutional, and industrial markets, although 
some of these concentrate on the commercial and institutional 
fields. Manufacturers of commercial and industrial fixtures 
do not produce residential fixtures and residential producers 
do not market the commercial and industrial type fixture. 
The list of the top twelve manufacturers for 1959 is 
as follows: 
31. 
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rA. Manufacturer Millions 
1. Daybrite Lighting (Div. of Emerson Electric) $21 
2. Lithonia Lighting 13 
3. Custiss-Allbrite Company 10 
4. Westinghouse - Fluorescent Division 10 
5. Sunbeam Lighting 10 
6. Sylvania Lighting Corporation 
(Div. of General Telephone) 8 
7. Miller Company 7 
8. Srnithcraft Corporation 6 
9. Electro Lighting Company 6 
10. Benjamin Electric Company 6 
11. Columbia Manufacturing Corporation 6 
12. Globe Electric 6 
This group had approximately fifty percent of the 1959 
fluorescent fixture sales and most likely will determine the 
future of the industry. 
B. Company Histories 
In order to obtain a better insight into the indus-
try, the following pages will outline the beginnings and pre-
sent status of the top company, Daybrite; a middle company, 
Sylvania Lighting; and one from the bottom of the list, 
Smithcraft Corporation. 
Daybrite Lighting Incorporated, with three plants 
located in St. Louis, Missouri; Tupelo, Mississippi; and 
Santa Clara, California, is by a wide margin the leading pro-
ducer of fluorescent fixtures. Daybrite's sales volume of 
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twenty-one million dollars for 1959 was eight million more 
than Lithonia Lighting,~ was second with sales of thirteen 
million dollars. In the nineteen-year period from 1940 to 
1959, the company's sales increased each year except for 1943, 
1949, 1952, and 1958. Their sales growth has been phenomenal, 
starting at $1.5 million in 1940 to $21 million in 1959. 
Daybrite was founded in St. Louis in 1923 by D. J. 
Biller and 0. w. Klingsick for the manufacture of porcelain 
enamel showcase reflectors.7· The process was patented and 
it outmoded painted reflectors of the time which blacked and 
pee.led in use. The company grew quickly and was soon doing 
custom-type lighting work throughout the mid-West. When the 
fluorescent lamp was displayed at the 1939 World's Fair, 
Daybrite•s founders quickly realized the immense potential of 
the product as a lighting source and within a year had 
designed and marketed one of the early fluorescent fixtures. 
Today the company operates three plants and produces a wide 
range of recessed, surface-mounted, and suspended fixtures. 
It is represented by more than one hundred lighting engineers 
in this country and exports fixtures to Canada and Latin Amer-
ica. The company employs between one thousand and eleven hun-
dred people in its three plants. Until 1955, Daybrite was a 
closed corporation with the majority of stock held internally, 
mainly by the two co-founders. In that year the stock was put 
on the market and sold readily because of the well-established 
reputation of the company. In 1959, Daybrite became the 
Wholly-owned subsidiary of Emerson Electric Manufacturing 
34.· 
~ompany. The company performs an entire manufacturing cycle* 
and in addition has special processes such as its own por-
celainizing and its own aluminum alzaking process. 
Daybrite•s porcelainizing process was an important 
aspect in Daybrite 1 s initial success in the industry, which 
gave it the forward motion needed to become the leading pro-
ducer of fluorescent fixtures. In the early years of the 
industry, most sales were in the industrial type fixture 
that uses a metal reflector to reflect and direct the light. 
Since Daybrite had already perfected and patented a method 
for porcelainizing show cases, they had a clear cut selling 
feature for industrial fixtures. This was enough of an ad-
vantage to make them one of the early leaders in the industry. 
Daybrite capitalized on its advantage by plowing its earnings 
back into the business to give it a highly efficient plant 
and organization. Today it is the undisputed leader with the 
competition well in the rear. Daybrite keeps ahead of its 
competition with the help of twenty-two people in its R. & 
D. Division which comprises the Design, Product Development 
and Research Department. Among the leaders in the industry, 
most have ten or less people in this category. 
Daybrite has twenty-two hundred stockholders, with 
700,600 shares of stock outstanding. Its common stock has a par 
value of $1.00 and since 1959 has been selling at prices ranging 
from $7.25 to $12.47 per share. For 1959, earnings were eighty-
nine cents per share compared with eighty-eight per share in 
*See Appendix B, page 90. 
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~958; and dividends of sixty cents per share were paid in 
both years. Dividends have been paid consistently and in 
1956 after shares had been sold to the public, the amount of 
dividends paid increased threefold. Daybrite's expenditure 
of its 1959 income dollar is as follows: 
Materials 47~ cents 
Wages, salaries, and other 
compensations ~1 II 
Overhead 18 II 
Taxes 4 II 
Shareholder 2 II 
Retained for expansion 1 II 
Sylvania was the·first company to manufacture- a 
completely assembled fluorescent fixture. This was in approx-
imately mid-1940, when the industry practice was to sell the 
components broken do~m and have them assembled on the job 
site. Sylvania adopted the new practice to circumvent the 
leasing agreement with General Electric. Sylvania produced 
fluorescent lamps under a General Electric leasing agreement, 
which restricted the lessee to a specified yearly production. 
If the lessee produced more than the specified total, it paid 
a penalty for the overage which made it unprofitable. Syl-
vania decided that they would make complete fixtures and sell 
them with the lamps already installed. In this way they would 
be selling fixtures and not lamps and, therefore, be able to 
produce over the quota and not be penalized. As a by-product 
of the lamp dispute, a new industry competitive pattern devel-
oped. Others followed Sylvania's lead in designing and manu-
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I 
£acturing completely assembled fixtures. 
In the beginning period, Sylvania was located in 
Salem, Massachusetts (where the Lighting Division still has 
its central offices), but in 1952 the fluorescent fixture 
division was moved to Wheeling, West Virginia. The primary 
reasons for the move were the lower wage rates in the South 
and nearness to the steel mills.* 
The company has been one of the more progressive in 
the industry and has been quick to develop and use new methods 
of production. The company first used the straight assembly 
line method for assembling units but recently they have 
changed over to four-man teams working at one bench. The 
fabrication department is well equipped with high-tonnage 
presses and reels to run jobs from coil stock. They also have 
their own slitting machine to cut wide stock coils into nar-
rower width coils. A recent purchase was a stud welding 
machine that welds studs to polished steel or aluminum with-
out leaving any mark whatsoever. Their finishing system is 
conveyorized but the painting done mostly by handsprayers 
with the help of fixed electrostatic spray guns. 
The fluorescent division of Sylvania has been in 
the top ten group from the beginning of the industry and 
today ranks sixth in the nation. Its volume is presently at 
$8 million level and employs approximately 270 people. The 
division has continued its progressive beginnings and has 
employed new packaging techniques and modern metal methods. 
--·-*confidential personal interview. 
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$ylvania Lighting Products is a division of Syl-
vania Electric Products~ Inc., which is a subsidiary of 
General Telephone and Electronics. The division is highly 
decentralized though some of the accounting and inventory 
control functions are done by a central control function of 
the Sylvania Electric Products~ Inc., using data processing 
equipment. It produces a high quality product and competes 
in the higher priced fixtures' market and for custom projects. 
Smithcraft Corporation became interested in the 
fluorescent fixture business when the company owner, J. J. 
Smith, saw the fluorescent lamp at the 1938-1939 New York 
World's Fair. His company then known as the A. L. Smith Iron 
Company had branched into floor and pin-up lamps. The new 
product appeared to be the perfect combination for his plant, 
which had metal working facilities and wiring assembly exper-
ience. Soon after, the A. L. Smith Iron Company, working in 
conjunction with General Electric engineers, made a model of 
the troffer fixture for the New England Mutual Life Insurance 
Company, which was interested in fluorescent lighting for its 
new building in Boston~ Massachusetts. A. L. Smith Iron Company 
won the contract and became the first company to provide an 
entire fluorescent installation. The company formed the Smith-
craft Lighting Division which grew rapidly in the Fluorescent 
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fixture industry. The division became the leading producer of the 
company and in 1959~ it discontinued all other operations to concen-
trate on fluorescent fixtures under the name of Smithcraft Corporation 
~he company is located in Chelsea, Massachusetts, 
·, 
where it has been since its beginning. It employs approxi-
mately 250 people and at present is in the lower end of the 
top ten manufacturers in sales volume. At one time, Smith-
craft was fourth, but it has been overtaken in recent years. 
The company carries a complete line of fixtures and has been 
a leader in quality fixtures and innovations. It has pioneered 
the use of area lighting* and the troffer unit. The firm is 
well known for its high quality and its units are often speci-
fied by architects for specti custom-type projects. With its 
experience in area lighting, Smithcraft may well be one of 
the first companies to market the completely integrated 
ceiling.** 
Smithcraft has recently modernized its manufactur-
ing operations to be able to match the bids of any of its 
"big ten competitors". The company has the most modern paint 
line in the industry which is capable of both high quality and 
high production requirements. In its fabricating operations, 
both sheared stock and coil stock are used to feed punch presses 
and brakes. At one time Smithcraft used individual bench assem-
bly but has changed over to the mass assembly technique of pro-
gressive assembly lines. Its capacity has been impressively in-
creased with a minimum of investment for new plant facilities. 
Though the company is ~ad cut o.e:-naru~ rmilt.:hg :In a po::.ll:." overall 
layout, it has learned to live with the condition. It is in a 
strong financial condition and shows good promise of returning 
*See Appendix A, page 83. 
**An integrated ceiling is an advanced stage of area lighting. 
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to the upper range of the top ten manufacturers. 
Because of its poor layout, Smithcraft felt the 
pinch of the 1958 recession somewhat earlier than its com-
petitors. This stimulated the firm to streamline its op-
erations and reduce overhead to meet tightening market con-
ditions and improve its chances to gain ground on its com-
petitors. Smithcraft, as with Sylvania, spends its sales 
dollar approximately in the same ratio as Daybrite except 
it does not pay out dividends when profits are available. 
Smithcraft's fixture prices are in the same range as Day-
brite and Sylvania. 
Smithcraft appears to be an ideal company to con-
vert to a public corporation and to join in a merger with a 
western company. Because of its geographic location, it is 
difficult for Smithcraft to bid for jobs on the west Coast 
against companies such as Daybrite or Sunbeam that have plants 
in that area. This type of merger would give the joined com-
panies better marketing positions on both coasts. 
C. Typical Production Practices Used Within The Industry 
1. Scheduling. 
a. The problem of what to make, when to make it, 
and in what quantity. 
b. The assignment of work and the correlation of 
this assignment with work in process. 
c. The purchase of components and supplies. 
The methods used in handling these problems vary in 
the industry in accordance with the company size. In the 
smaller companies, the assignment of work to a depart-
ment with requirements and completion dates for specific 
items by part numbers is generally done by the plant 
superintendent. One plant's scheduling is based on 
man-hours required to produce 100 units. Another plant 
figures its production schedule according to the amounts 
in inventory plus orders on hand, since all its shipments 
are made out of inventory. In another smaller plant, 
shop orders are issued to the fabrication department 
designating the number and size of parts needed. Upon 
receipt of the customer's order, a corresponding shop 
order goes to the assembly department designating the 
number, type, and style of fixtures to prepare for ship-
ment. Orders are handled on a priority basis. 
Many plants in the fluorescent lighting fixture 
industry will accept orders for fixture models that are 
different from their standard models. Two types of 
special orders can be distinguished, variations on the 
plant's standard model, and special custom models. 
Variations on the standard model usually consist of 
wiring the unit with a special voltage transformer, 
arranging for special type cord or plug, punching for 
special knockouts, arranging for special types of mount-
ings, or giving it a special finish. All of these things 
may be done without adding materially to the unit man-
hour requirements. Custom model is a term applied to a 
fixture that differs radically from the standard model 
TABLE II 
COMPONENTS AND MATERIALS PURCHASED BY 
TYPICAL INDUSTRIAL FLUORESCENT FIXTURE PLANTS 
Typical 
Structural 
Components 
20-gau~e sheet 
steel 8" x 96" 
Tubing 
Springs 
Bushing 
Purchased Parts 
Electrical 
Components 
Ballast 
Sockets 
Starter Socket 
18-gauge wire 
Lampholder 
Wire Retainer 
for Fluorescent Fixtures 
Small Stock 
Materials Items 
White Enamel Wire Oips 
Cartons Screws 
Metal-cleaning Nuts 
Chemicals 
Bore-Silicate 
Plastics 
Washers 
Seam 
Fastener 
Die Cast 
Wingnuts 
Labels 
Rivets 
Source: U. S. Department of Commerce- 1958 
TABLE III 
PARTS AND ACCESSORIES MANUFACTURED 
IN SEVEN SELECTED INDUSTRIAL FLUORESCENT FIXTURE PLANTS 
Items Manufactured in Selected Plants 
Parts Assessories 
Channe 1 Body Reflector Bracket 
Reflector Cross Brace 
End Plates Wire Clip and Cover 
Socket Bridges Latch Mechanism 
Stiffeners Channel Cover 
Socket Bracket 
Source: u. S. Department of Commerce - 1958 
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in either design or internal construction. Most com-
panies will handle variations but only a small percentage 
will accept "custom" sales. It is usually the companies 
that maintain high quality standards that accept "custom" 
orders. 
2. Standardization. 
Manufacturing methods and ge~al design of fluor-
escent lighting fixtures have become fairly standardized 
throughout the industry; however, individual companies 
have distinctively designed parts and components in 
their fixtures. New developments in standardization 
are being made continually and cooperation is at a higher 
level than in previous years. Most companies have de-
signed a standard channel that will hold two, three, or 
four lamps and that can be used for different models. 
3. Design. 
Much research has been done to determine what con-
stitUes an adequate level or amount of illumination for 
various seeing tasks. The footcandle is the unit for 
measuring the level of illumination and instruments that 
read directly in footcandles are available. Dr. Black-
well has recently published an exhaustive study of recom-
mended footcandles for various seeing tasks, which the 
industry is using for a basis for a "re-light up" cam-
paign. Each seeing task requires a certain amount of 
illumination. A level of illumination of 150 footcandles 
is necessary for exacting and prolonged fine bench and 
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machine work~ fine finishing~ and discrimination of fine 
detail or low contrast~ as in weaving dark fabrics. 
Designers and illumination engineers provide specified 
footcandles levels for each illumination problem. 
or the top ten plants, all have a design depart-
ment. Some are fully occupied in designing new and 
improved lighting fixtures~ and work closely with archi-
tects and builders in designing lighting layouts for 
new buildings. In addition to the foregoing, design 
departments; basic objectives include improvement in 
level of illumination, surface distribution of light, 
mechanical improvements for ease of installation~ and 
improvements in appearance. 
4. Methods Improvements. 
The industry has been highly competitive from its 
beginnings and at the present time competition has in-
creased to the point where a number of companies will 
be forced out of business in the near future. Because 
of this most companies have engineering departments and 
the majority of the major plants use incentives. During 
the last few years~ most companies have been in major 
cost reduction programs to stay competitive. One com-
pany reported that an efficient engineering department 
was essential for survival in the highly competitive 
industry. 
5. Inspection. 
Inspection practices are fairly standard for the 
industry. All plants perform basic electrical inspec-
tion such as testing for grounds and short circuits. 
A visual inspection for mechanical fitness and the 
appearance of the lighting fixture is made during the 
final assembly. A thorough control on quality is 
maintained by inspection during manufacturing operations, 
with final inspection and testing at the end of the 
as~embly operation. 
6. Production Control. 
Methods of production control vary among the com-
panies but do follow a general outline. The following 
is a description of a typical method in use. When the 
customer's order is received, a customer's requisition is 
filled out in duplicate with copies for the shop, office, 
shipping room, records, customer, salesman, territorial 
files, and consignee. The purpose is for notification of 
the incoming order, especially the promised shipment 
date. Promised shipment dates are important since a 
broken promise can hold up construction on a site and 
lose a customer. After the customer's requisition speci-
fies the type of products wanted, a production order is 
sent to the manufacturing departments. The production 
order list includes part number, drawing number, required 
operation, and special instructions, if needed. Since 
the various materials must be on hand for processing, 
the materials requisition is the next form in the control 
procedure. Some firms use the production order as a 
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TABLE TV 
MAN-HOURS PER UNIT OF DIRECT AND INDIRECT LABOR 
IN SEVEN SELECTED INDUSTRIAL FLUORESCENT PLANTS 
Number of Man-Hours Percent of Number of 
Plant per Fixture Indirect Production 
Total Direct Indirect to Total Employees 
1 • • • • • 0.43 0.28 0.15 34.8 25-50 
2 • • • • • 0.31 0.25 0.06 19.4 400-450 
3 • • • • • 0.98 0.38 0.60 61.2 400-450 
4 • • • • . 0.83 0.72 0.11 13.3 25-50 
5 • . . • . 1.60 1.06 0.54 33.8 100-150 
6 • • • • • 1.25 1.06 0.19 15.2 2009250 
7 . • • • • 0.65 0.49 0.16 24.6 200-250 
Source: u. s. Department of Commerce - 1958 
TABLE V 
MAN-HOURS PER FIXTURE BY DEPARTMENT 
IN SEVEN SELECTED INDUSTRIAL FLUORESCENT FIXTURE PLANTS 
Direct Man-Hours Per Unit 
Plant Metal Channel Wiring Final 
Forming Assembly Assembly Assembly 
1 • • • • • • • n/a 0.0333 0.0833 n/a 
2 • • • • • • • 0.1531 0.0372 0.0585 0.0448 
3 • • . • . • . 0.0710 0.0471 0.0551 0.0869 
4 • . • • . • • 0.0404 0.0378 0.1350 n/a 
5 . • • • • • . n/a 0.0424 n/a n/a 
6 . • • • • • • 0.1350 0.0291 0.0600 o.o875 
7 • . • • • • . 0.0768 n/a n/a n/a 
Source: u. S. Department of Commerce 
- 1958 
routing slip. 
7. Labor. 
The industry is concentrated in industrial sections 
of the country and draws its labor supply from the heav-
ily populated cities. Its labor supply is unskilled 
except in companies having machine shops. The industry 
is heavily unionized since most electricians are union-
ized and they refuse to hang fixtures that do not have a 
union label. The International Brotherhood of Electri-
cal Workers represents the fluorescent fixture industry 
and~ though it is a strong, centralized union, it is not 
militant and the industry has had relatively peaceful 
labor relations. Eighty percent of the manufacturers 
belong to NEMA.* The number of all employees in the in-
dustry in 1958 was 47,300 and tetal salaries and wages 
paid was $215~829,000. In 1954, the total number of 
employees was 45~078 and in 1947, 46,891. 
*National Electrical Manufactu~ers Association 
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TABLE VI 
Examples of Press Shop Equipment Used in the 
Fluorescent Lighting Fixture Industry 
A. Large Plant - 350-400 Production Workers 
Machine 
25 Presses 
Maximum Rating 
bed 300 Ton 
200 Ton 
51. 
10 Press Brakes 
5 Power Shears 
11 Welders 
Punch, draw wide 
Maximum size 12 1 
Maximum size 12 1 
Spot and Press 
10-gauge mild steel 
Up to 200 K.V.A. 
B. Small Plant - 25-30 Production Workers 
Machine 
3 Punch Presses 
3 Click Presses 
1 Press Brake (6 foot) 
2 Spot Welders 
1 Power Shear 
1 4 foot all purpose Press 
1 8 foot all purpose Press 
A. General 
CHAPTER FIVE 
DISTRIBUTION METHODS 
The dominating factor in fluorescent marketing is 
price. This had been brought about by the large number of 
small firms that compete to stay in business. Even the larg-
est manufacturer, Daybrite, has only ten percent of the mar-
ket; the top thnty-three companies account for seventy per-
cent of the industry, leaving only thirty percent for the 
remaining seven hundred odd companies. Since the output of 
these firms consists primarily of standard fixtures only 
slightly differentiated from each other, it produces a sales 
situation that is mainly decided by price. This causes com-
panies to bid for some jobs below a profitable level in order 
to keep the plant busy and help cover overhead. This price-
cutting practice has dropped the profit level of the indus-
try, causing marginal companies serious trouble. It has also 
been an added incentive to the major firms to launch inten-
sive cost-reduction programs making them more competitive but 
hurting the marginal companies even more. This condition 
places tremendous pressure on the distribution structure and 
poses serious marketing problems ~o firms attempting to sell 
in the national market. The sheer number of lines set off 
against the limited number of electrical distributors avail-
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·able in a given area results in strong competition for whole-
saler acceptance. Buyers confronted with a vast number of 
lines which are very much alike think largely in terms of 
price. This policy has caused serious trouble in the indus-
try and in the next decade will in all probability result in 
a large reduction in the number of fluorescent fixture manu-
facturers. 
B. Location 
The majority of the manufacturers are concentrated 
in the Middle Atlantic states and in the Great Lakes area. 
New York is the leading state followed by Illinois and Penn-
sylvania. Fifty-four percent of the fluorescent fixture out-
put comes from these sections, and the balance is scattered 
over the country.8. 
As mentioned in an earlier chapter, fluorescent 
fixtures are frequently produced on an assembly basis and com-
ponents such as ballasts, starters, lamp holders, wi~e, and 
small fittings are purchased from other manufacturers. High 
transportation and packaging costs are a considerable factor 
in the price of the finished product. Consequently, many of 
the smaller fixture manufacturers confine their activities to 
sectional markets in which they have a cost advantage and in 
which, therefore, they can sell at a comparatively low price. 
Larger manufacturers, who sell in the national market, must 
be able to meet the local or regional compet~on of these 
smaller firms. 
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c. Channels of Distribution 
Buyers of fixtures are primarily contractors, 
maintenance departments of industrial organizations, and 
institutions, and homeowners who plan to install their own 
fixtures. Manufacturers sell to wholesalers and industrials 
through their own sales organizations or through agents. The 
leading manufacturers have a policy of selling through dis-
tributors and not to contractors. One manufacturer sells to 
six hundred selected distributors,. including independents 
and chains. Sales are made through the company sales organ-
ization ·in the major markets and through agents in the balance 
of the country. Another large firm has a policy of selling 
through an independent and one or two chains in a market. 
The typical channels of distribution for commercial 
and industrial figures are as shown in Chart 6, 
D. Costs of Marketing 
Manufacturers•marketing costs are eighteen to twenty 
percent of sales, at least for the larger firms. Agents• 
commissions are generally seven and one half to ten percent, 
but commissions may be cut if the agent reduces prices. On 
some lines, for example, street lighting, commissions may be 
low at five percent, while on certain custom-designed lines 
it may be fifteen percent. Freight costs may be five percent 
or higher, and advertising costs will range from about one 
percent up to five percent. 
1. Manufacturing Agent. 
The agent is used extensively in the industry and 
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over the war period the number of agents has doubled. 
This increase in the number of agents reflects the in-
crease in the number of manufacturers seeking markets 
for their products as well as a broadening of the geo-
graphical markets of some companies. 
Manufacturers' agents are concentrated in the larger 
cities and metropolitan areas where they can be near the 
distributors, electric utilities, and industrial buyers, 
which constitute their market. 
The representatives' franchise may involve a writ-
ten contract with the manufacturer or it may simply be 
an informal understanding. Some agents prefer to have 
formal written contracts, but many see little value in 
them and prefer to operate without a contract. There is 
a prevalent belief that the contract serves little pur-
pose if the parties choose not to abide by the spirit of 
the agreement. Furthermore, agent contracts have a can-
cellation clause, frequently with only thirty to sixty 
days' notice, so that this feature restricts their use-
fulness. 
Occasionally, a manufacturer will offer a contract 
with an option period as long as a year, but this is the 
exception. Some agents have kept accounts for twenty 
years without a formal contract. 
Manufacturers typically prefer to have a contract 
so that they have a vehicle for stating the responsi-
bilities and duties of the agent, the limitations on the 
agents' authority, commission rates, and other stipula-
tions. Some manufacturers have developed complex con-
tract forms. Others use fairly simple memoranda of 
agreement. 
2. Agents' Responsibilities. 
Frequently, one of the agent's responsibilities is 
to select distributors whenever a manufacturer has a pol-
icy of selective distribution. The agent is likely to 
have the authority to determine the number of distri-
butors necessary and may also determine the level of in-
ventory which the distributor is expected to carry. 
Some companies,have given their agents a certain 
leeway in quoting prices. These agents may cut to the 
level designated but must get authorization for further 
cuts. If prices are reduced, some companies require the 
representative to take a reduction in commission, and, 
in effect, to share the sacrifice. 
The agents' primary function, of course, is to sell. 
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Depending on the size of his operation, he personally will 
sell at least part-time, and if the volume of business 
justifies it, will hire salesmen. 
3. Agent Advertising. 
Agents do very little, if any, advertising. Some of 
the larger concerns send out regular mailings to whole-
saler, industrials, contractors, and engineers, generally 
including material prepared by the manufacturer. Except 
for this limited amount of advertising, the great bulk of 
promotional effort falls on the salesman. Calls are made 
on distributors, industrial accounts, and utilities, con-
tractors, architects, and engineers. Major customers 
are contacted at least weekly in person or by phone. 
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Calls are also made frequently on other accounts in the 
agents' immediate area, but sales coverage is likely to 
be rather thin in outlying areas. Some representatives 
spend a great deal of time with contractors, although 
sales are not made directly to ther.n, as well as with 
architects and engineers. At times, long periods of con-
tact and negotiation may be required before a sale is 
made. Part of the agent's success rests on friendships 
developed in the field. The agent's operating budget, 
consequently contains an appreciable item for entertain-
ment which is, in effect, another type of selling expense. 
Agent's salesmen are usually paid a salary and commission. 
Profit-sharing plans have been worked out by some compan-
ies and these include salesmen as well as the other 
employees. 
Advertising. 
a. Budgets. 
On the average, the major companies spend one 
percent of sales on advertising. The bulk of the 
money is spent on periodical advertising, aimed at 
the contractors, architects, and engineers. In 
recent years, a new trend has developed with some 
advertising beamed at executives in the hope that 
they will specify the advertised brand in any 
future expansion plans. In addition to periodical 
advertising, fluorescent fixture companies also rely 
on direct mail advertising, mostly to distributors, 
field agents, and contractors. For the most part, 
twenty-three different periodicals are used with 
the amounts fairly well spread. Some of the chief 
periodicals are Architectural Forum, Architectural 
Record, Progressive Architect, Electrical Con-
struction and Maintenance, School Executive Plant 
Engineering, and Today's Business. 
b. Brand Preference. 
In recent years advertising agencies have sur-
veyed the industry asking the following questions 
with the corresponding returns. First Question -
Which brands or maes are most often specified? 
All-Brite 23 Lithonia 22 
Benjamin 111 Miller 116 
Curtiss 72 Pittsburgh 91 
Daybrite 268 Smithcraft 188 
Gibson 
Guth 
Lighting Products 
Lighting Dynamics 
Lite Control 
Litecraft 
22 Sunbeam 42 
117 Sylvania 180 
19 Wakefield 61 
5 Westinghouse 121 
55 Wheeler-Fullerton 26 
128 
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4. 
Second Question - Whose advertising impresses you as 
the most helpful and informative? 
Company Total Mentions Received 
All-Brite 3 
Benjamin 15 
Curtiss 14 
Daybrite 94 
Gibson 1 
Guth 13 
Lighting Products 3 
Lite Control 6 
Litecraft 35 
Lithonia 1 
Miller 20 
Pittsburgh 11 
Smithcraft 73 
Sunbeam 10 
Sylvania 40 
Wakefield 9 
Westinghouse 30 
Wheeler-Fullerton 1 
Marketing Innovations. 
a. In 1960, Smithcraft Corporation of Chelsea, 
Massachusetts, announced a new plan, called Lease-
Lighting. Under this plan, which is used with the 
General Electric Credit Corporation, prospective 
customers can rent or lease lighting without having 
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to make any major capital outlays. Fixtures can be 
leased for a five-year period, rented or paid for 
on a time-payment plan. Smithcraft provides the 
financing. The theory or advantages of the plan is 
that it frees capital to earn dividends and enables 
the leasee to charge the cost off as an expense 
rather than depreciate the fixtures over a period 
of years. Other advantages are that borrowing cap-
acity is left intact and obsolescence is minimized. 
b. Features of the plan. 
1. Lease is between Smithcraft Lease-Light 
Corporation and user of the equipment. 
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2. Term - five years with renewal at lessee's 
option for an additional period up to five years. 
3. Where installation costs are included in 
E. Competition 
the lease, the lighting equipment will be in-
stalled by a contractor of choice. 
4. Contractor charges when approved will be 
paid by Smithcraft Lease-Light Corporation. 
5. Sm1thcraft Lease-Light Corporation insures 
equipment against physical loss or damage for 
five years. 
The most dominant factor in the fixture market is price. 
This is the result of two basic conditions. 
l. The large number of manufacturers in the field 
struggling for existence. 
2. The ever increasing pressure from contractoiBfor 
lower prices. 
The comparative ease of getting into the business of 
assembling fixtures and the low level of brand differentiation 
and preference accounts in a large measure for the tendency 
toward an oversupply of fixtures, and the sale of the bulk of 
the fixtures on a bid basis accounts for the emphasis on price. 
From these characteristics of the industry spring the pro-
blems which plague everyone in it. 
Some of the leading commercial and industrial fix-
ture manufacturers will not enter a bid unless their lines 
are specified, and then will quote listed prices at least for 
the first bid. Manufacturers of quality lines indicate that 
even when their lines are specified, their distributors 
sometimes bid a cheaper line if they think it will be accepted. 
The distributor who bids too low without the manufacturer's 
authorization, however, is taking a risk since the manufactu-
rer may not bail him out. 
Another element in the competitive picture is the 
practice of some of the large multiple line houses to make a 
"basket" bid for many or all of the items needed for a job, 
under which it is impossible for outsiders to know what the 
composition of the bid is. It is also claimed that one or 
two of the lamp manufacturer~make very low fixture bids on 
major construction proJects in order to get the lamp business.9 • 
Pressure on prices, of the type which currently 
:1-There are only two lamp manufacturers producing fixtures -
Westinghouse and Sylvania. 
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exists, forces manufacturers to simplify their lines as much 
as possible in order to be successful bidders. In addition 
to reducing quality to the minimum, some companies find it 
necessary to bid their quality line against the cheaper line 
which has been specified and at the price of the cheaper line. 
Companies that badly need business~allow their 
agents to cut prices, for example, five percent, without spec-
ific authorization. If larger cuts appear necessary, the 
company generally will make the decision, and the agent pro-
bably will share in the reduc.tion. In one case the company 
absorbs two-thirds of any cut in list prices and the agent 
absorbs one-third. 
F. Price Leaders 
List prices of standard fixtures are governed pri-
marily by the prices of the leading firms, although no com-
pany is in a sufficiently dominant position to be a real price 
leader. The top companies maintain a slight edge in quality, 
but good ideas and designs are quickly copied by competitors. 
The smaller companies do not have design departments as such, 
but have draftsmen to copy the designs of the leaders. Con-
sequently, a constant watch is kept on competitors' prices. 
Sales departments constantly check catalogs of competitors 
to keep abreast of price changes. 
Specialty lines are priced primarily in terms of 
cost, and generally carry a higher mark-up than standard lines. 
When a specialty line is introduced by a smaller manufacturer, 
the initial mark-up may be low, but th1s may be increased if 
.the product is successful. One company uses a mark-up of 
thirty-eight percent· over factory cost plus ten percent for 
profit as the basis for pricing specialty lines. 
Discount schedules generally provide for discounts 
to distributors and contractors, and sometimes to users. 
Distributors' discounts are typically higher for stocking 
distributors than for those which do not carry stocks. 
Stocking discounts are intended to compensate not only for 
the cost of carrying inventories but also to cover the ob-
solescence resulting from constant change in style and design. 
One company has a net contractor price, a twenty percent 
addition for users, and/or a twenty percent discount for dis-
tributors. Another firm has a distributor discount of sixty 
percent and a contractor discount of fifty percent. 
A number of wholesalers have tightened up in price 
policies both in reducing mark-up and in cutting discounts 
to contractors. In the early 1950's, one distributor cut 
mark-up to 2.75 times cost, and he also cut the contractor 
discount to forty percent. Three years later, mark-up was 
further reduced to 2.5 times cost and the discount was cut 33 
percent. This was again changed to 2 times cost and a 25 per-
cent discount, which is generally the present policy. Contrac-
tors sand customers to the distributor, and the distributor's 
salesmen do the selling. This change has resulted in increased 
business for the distributor. 
By operating an expensive "retail showroom" for all 
'practical purposes, the wholesaler places himself in a vul-
nerable competitive position. If he performs a retailing 
function in residential fixtures, he invites further competi-
tion from retail stores, but because of manufacturer~pres­
sure, distributors have taken on this function. 
Price protection is given to distributors by some 
manufacturers. One company gives thirty-day protection on 
all orders for distributors• stock received before the 
announcement of a price increase. Orders for shipment to 
contractors on the job site are protected against price in-
creases for six months. Distributors• stocks of this line 
are also protected against price decreases to the extent of 
quantities purchased during the sixty-day period prior to the 
price reduction. Shipments to distributors' customers are 
not protected against price decreases. 
Prices of fixtures are generally quoted F.O.B. fac-
tory, freight allowed, on shipments of two hundred pounds or 
more, although some companies allow freight on shipments of 
one hundred pounds or more. One other company bases its freight 
allowance on $200.00 minimum shipments to distributors and 
$500.00 minimum to the installation. 
Terms range for one percent ten days, net thirty 
to the more generous terms of two percent on invoices the 
first to the fifteenth if paid on the twenty-fifth and on 
invoices dated the sixteenth to the end of the month if paid 
tenth proximo, net thirty days. 
G. Field Inventories 
Since lighting fixtures are a bulky commodity, 
expensive to handle, and produced in a wide variety, inven-
tories are a problem. Stocking fluorescent fixtures is es-
pecially difficult. Not only are there many types of fix-
tures, but the six and eight-foot units create serious 
handling and space problems. Fixtures are sold by distri-
butors from stock when only a few units are needed. The 
bulk of the fluorescent fixtures, however, are shipped dir-
ectly from the plant to the building site. From ten to 
twenty-five percent of the business of the large commercial 
and industrial fixtures manufacturers consists of custom-
designed equipment and these fixtures, of course, are 
shipped direct to the site. Altogether, about seventy-five 
percent of the commenial and industrial fixtures are drQp-
shipped to the construction site. 
One large manufacturer of commercial and industrial 
fixtures makes a strong attempt to get wholesalers to carry 
adequate stock of standard fixtures in the belief that whole-
salers cannot obtain business requiring immediate delivery 
unless they have the fixtures on hand. Even so, the sev-
enty-five percent of this company's business consists of 
drop shipments. Some companies have set a freight-allowed 
minimum of $500.00 to discourage wholesalers who place drop-
shipment orders for small quantities. 
Some firms allow a "stocking bonus" or discount of 
three to five percent to encourage wholesalers to stock larger 
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~ixture inventories. In order to be designated, a stocking 
distributor and to obtain the stocking discount, wholesalers 
are expected to carry satisfactory inventories. A number of 
manufacturers who have adopted this policy require stocking 
distributors to carry a minimum dollar inventory, for 
example $8,000 or a minimum number of units of the major 
items in the line. 
Another incentive to encourage distributor stocks 
is the practice followed by a few firms which notify distri-
butorscseve~al months in advance when fixtures are to be 
eliminated from the line. In this way dBtributors have 
adequate time to arrange to clear out their stock rather than 
be left with a discontinued line. 
Manufacturers' policies differ with respect to 
agency consigned stocks. The leading companies make infre-
quent use of them because of the expense involved, but some 
firms do have agency stocks in distant markets, particularly 
in the West Coast and the South. Some mid-Western manufac-
turers, however, have stocks in the East, and Eastern com-
panies in turn may find it desirable to maintain stocks in 
the Middle-West, especially in Chicago. 
CHAPTER SIX 
SUMMARY 
A. Modern industry is enjoying the benefits of 
good lighting because of a curious reversal in the~onomic 
picture in the past half century. The same economic factors 
that deterred the factory owner from providing more light in 
the old days are the same items that make it desirable for 
the present day owners to add more and better lighting. In 
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the past, the cost of lighting was high; manufacturing costs 
were low. Today, it is the other way around. The cost of 
lighting is relatively low while manufacturing costs, es-
pecially labor, are at an all-time high. Today the average 
hourly cost of lighting is approximately one cent per foot-
candle per hour for each 10,000 square feet of factory space.10 • 
B. Growth - Next Decade. All indications point to 
a continued rapid growth of the use of fluorescent fixtures. 
The obsolescence of early instanations alone would be suffi-
cient to keep the yearly value of shipments growing for the 
next few years. In addition to this, an educational program 
is now starting that will encourage industry to "light up" 
for higher footcandles for more efficient plant operations. 
In addition to industry, institutions such as insurance com-
panies, barusand schools have become heavy users of fluores-
cent fixtures. It is these types of businesses that use the 
more luxurious installations and it will be they who will be 
highly receptive to integrated ceilings of light, heat, and 
cooling from one source. A good example of the swing to flu-
orescents is the contract won by Sylvania to light 400,000 
square feet of area in Detroit's new Cobo Hall exhibition 
center. 
These factors add up to a healthy future for the 
fluorescent industry, but major internal problems still 
remain,and beyond the next decade it may have serious com-
petition from the new source of electro luminescence panels. 
In general, present day fluorescent fixture manufacturers do 
not have the resources to sponser research and development 
programs that are needed to keep pace with today's rapid 
technological advances. The industry, therefore, relies 
quite heavily on research from other sources. Just as it was 
the giant lamp manufacturers like General Electric and West-
inghouse that in reality created the fixture industry, it will 
be they who determine whether this industry grows to full 
maturity or becomes a secondary industry of minor signifi-
cance. As seen by Larry Cooke, District Engineer of Boston 
Area, General Electric Lamp Distribution Division, the best 
potential for the near future for fluorescents is in the 
integrated ceiling systems. General Electric engineers have 
designed installations that could provide the facilities for 
light, heat, and cooling. On the other hand, Westinghouse, 
who has only thirty percent of the fluorescent lamp market 
,,compared to General Electric's fifty percent, has pioneered 
the research in electroluminescence panels and predict that 
the panels are the lighting of the future. Once the problems 
of low efficiencies and cost are solved, the panels may well 
foretell the end of the fluorescent lighting fixture industry 
as we know it today. Many in the industry believe the panels 
can never replace fluorescent lamps because of the low effi-
ciency (brightness) and high cost, but these were the same 
beliefs concerning the development of the fluorescent lamp 
in the 1930's. The fact is that the lamp companies have al-
ready marketed miniature panels that plug into outlets to be 
used as night lites. It, therefore, appears to be industrial 
suicide for any of the present day fixture manufacturers to 
ignore completely the panels in the belief that they will 
never prove practical. The more progressive firms will in-
corporate the present concept of the integrated ceiling into 
their lines and start experimenting with means of using the 
electroluminescence panels. 
c. Internal Problems. Before the industry can 
realize its full profit potential, the present pricing prac-
tices will have to change. The industry sales volumes have 
been increasing, but their profit pictures have not been 
keeping pace. Although this is due somewhat to the present 
general squeeze on profits, it is excessive in the fixture 
industry. Because the small companies, with low overhead 
costs, set the price to beat, the major companies have had 
serious difficult±es in making the profits they should in 
order to plough money back into the business for the advance-
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ment of the industry. Up to the present day, the industry 
leaders have not been able to stabilize prices and stop cut-
throat price-cutting practices. This is especially true when 
they bid out of their geographical location into an area where 
a small manufacturer is located. Then the leader is hurt not 
only by his higher costs but by the extra freight charges. 
Many times companies take marginal business in order to keep 
their volumes up. Some of the orders are so marginal that 
one slip and the marginal order becomes a loss. Many people 
in the industry feel it needs a "General Motors 11 of the flu-
orescent lighting fixture industry to consolidate the small 
firms and be able to hold its prices to reasonable profitable 
levels. The merger of major companies that are in different 
sections of the country could help stabilize price levels. 
The second major problem of the industry is its 
loosely knit sales organizations and lack of "brand loyalty 11 
by agents and distributors. Under present procedures dis-
tributors carry many lines, each not so very different from 
the next. This leads them to push the brand with the best 
discount and for the buyer to pressure for lower prices. Both 
these factors hurt the manufacturers• profit margin. Because 
of the lack of brand loyalty, the all important feedback from 
distributor to manufacturer is poor. This time lapse between 
the field and the producer causes decisions to be made using 
stale information. The industry would be strengthened if 
closer working conditions could be developed between the two 
parties. If manufacturers used more selective distribution, 
7J:. 
wholesalers could handle fewer lines, therefore allowing them 
to concentrate on those lines which would result in a more 
satisfactory selling job. This would also allow wholesalers 
to carry more adequate stocks. 
In summary, the industry has two basic problems 
that are deeply intertwined; one being to strengthen the mar-
keting organizations to provide brand loyalties and protect 
the price levels; the second is to absorb the hundreds of 
"garage-type" producers that wreck havoc with price struc-
tures. If improvements could be made in these two areas, 
the profit pictures of the industry would beimproved allow-
ing more money to be put back into the business for advance-
ments in technology and plant facilities. 
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APPENDIX A 
OPERATION OF FLUORESCENT LAMP 
A. Operation 
In the incandescent lamp, current flows through a 
resistor, the tungsten filament. The resistance generates 
heat, causing the filament to glow and emit light. All light 
is radiated from the center point of greatest brilliance. As 
brilliance and intensity increase so does glare. Devices 
such as filers, globes, inside coating of the sealed lamp 
bulb, reflectors, and shades are used to cut down the glare. 
These devices also reduce the efficiency of light transmis-
sion so that only ten percent of the energy used is converted 
into light, the remainder being lost in the form of heat. 
73. -
The operation of a fluorescent lamp is basically 
different from that of the familiar incandescent lamp. The 
fluorescent lamp consists of a glass tube coated on the in-
side with an active material, sealed at each end, and equipped 
with metal caps and electrodes (also called cathodes). The 
electrodes, also coated with active materials, do not pro-
duce light but become hot from the flow of current, thereby 
emitting a stream of electrons. The sealed glass tube con-
tains a small amount of gas (argon or krypton) and an even 
smaller amount of mercury which is partially vaporized by the 
low gas pressure inside the tube. This gas, which initially 
conducts the flow of current, facilitates the starting of the 
lamp. The flow of current through the gas quickly heats the 
balance of the mercury and converts it into mercury vapor 
which conducts most of the current during the operation of the 
lamp. The mercury vapor releases quantities of ultraviolet 
radiation which activates a phosphorescent powder on the in-
ternal surfaces of the glass tube. This causes the phosphorus 
to fluoresce and produce light. 
One of the advantages of fluorescent lighting is 
that it generates but one-quarter of the radiant heat and one-
half of the total heat of other light sources for the same 
amount of light produced,11•thus giving the coolest light so 
far developed. By the same token, twice as much light can be 
obtained from fluorescent systems as from incandescent instal-
lations at the same cost for current. High level lighting is 
provided by fluorescent lamps with a minimum of glare and a 
minimum of lamp shielding because its low surface brightness 
is distributed over a relatively large luminous area. The 
glow discharge tube emits light from its entire surface as 
distinguished from the point of discharge of incandescent 
lamps. A fluorescent forty-watt tube, for example, has two 
hundred and twenty-five square inches of luminous surface 
compared with twenty square inches for an incandescent lamp 
of the same wattage. The sensation of heat from a fluores-
cent lamp is only about one-fifth of that from filament lamps 
for the same light delivered. 
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E. Fluorescent Fixture Components 
1. Housing. 
This is the main or major part of a fixture. It 
is usually a twenty-guage steel wire way which contains 
the ballast,and wiring and to which the other components 
such as reflectors are attached. The lampholders are 
secured to the housing and, of course, they hold the 
lamps. Housings are usually made in the popular sizes 
of four feet and eight feet but can be made in any de-
sired length. 
2. End Caps. 
Two end caps are used per fixture. They are se-
cured to the end of the housing to close off the unit 
and also serve as a styling function. 
3. Cover. 
Not all units use a cover; some use steel louvers 
with an incorporated Vee Cover. The function of the 
cover is to cover the ballast and wiring in the housing. 
It is secured to the bottom of the housing and makes it 
a completely closed unit or, in essence, a closed box. 
4. Reflecting Surfaces. 
a. Reflectors. 
Reflectors are usually attached to and run 
parallel to the housing and are used as the name 
implies, to reflect light in desired directions. 
They are fabricated steel with high quality white 
painted or porcelain finishes. 
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b. Louvers. 
Louvers are strips of crossed steel or molded 
plastic that are intermeshed to make an "egg-crate" 
appearance of cubes. The function of the louver is 
to direct the lighting at various angles and of 
course for styling. It is suspended directly under 
or attached under the housing and lamps. The louver 
is also finished with a high quality white paint. 
5. Small Parts. 
Bridges, connectors and stif~eners are, for the 
most part, secured to the housing and usually have other 
parts attached to them. 
c. Accessories of a Fluorescent Fixture 
1. Ballast. 
A ballast is simply a current-limiting device 
which is designed to stabilize the ~low of current, at 
rated voltage, to the lamp. This function is necessary 
during the starting and operating cycle of the lamp. 
Several methods are available to accomplish this de-
sired function. 
The most simple ballast circuit is acquired by 
placing a resistance in series with the lamp. Such 
resistance could be a piece of iron or carbon, or a low-
voltage incandescent lamp. Such resistance unit, of 
course, must be o~ the correct value ~or the fluorescent 
lamp. The use of a high-resistance conductor such as 
an iron wire or carbon to stabilize or "ballast" a 
77 .. 
fluorescent lamp is, however, inefficient and wasteful. 
A large portion of the power flowing through this type 
resistance is converted into heat, and thus wasted. In 
fact, a resistor type ballast consumes almost as much 
power as the lamp itself, and therefore, the overall 
efficiency of the installation is not much greater than 
that of an equivalent incandescent lamp. In spite of 
these conditions the resistor method of ballasting flu-
o~escent lamps is the only practical method to be used 
in areas where direct current power is used. In areas 
where alternating current power is available, a more 
practical and efficient inductive ballast is almost 
universally used. 12 • 
An inductive ballast is basically a coil of copper 
wire wound around an iron core. If properly designed, 
this type of ballast can be considerably more efficient, 
as little power is wasted within the ballast. In the 
resistance type ballast, the current is limited by the 
resistive material through which it flows. In the in-
ductive ballast, alternating current flows through the 
turns of copper wire, thereby producing strong magnetic 
forces which are controlled by the design of the copper 
coils and iron core. These magnetic forces impede the 
action of the current thus serving to stabilize the op-
eration of the lamp. Characteristically, this method of 
impeding the current produces relatively little heat and 
the total losses in the ballast represent only ten to 
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twenty percent of the total power passing through the 
ballast. 
2. Starter. 
The glow type starting switch, originally developed 
by Westinghouse in 1939 is found in practically all pre-
heat type fixtures. A small number of fixtures, usually 
desk lamps, use a manual starting switch. The glow 
switch is enclosed in a small glass bulb and consists of 
two electrodes, one of which is a bimetallic strip, in 
an inert gas such as neon or argon. These electrodes 
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are separated under normal conditions but when closed, 
form part of a series circuit through the lamp electrodes 
and the ballast. When voltage is applied, a small cur-
rent flows as a result of the glow discharge between the 
two electrodes of the switch, and this heats the elec-
trodes and causes them to touch becuase of the expansion 
of the bimetallic element. This short circuiting of the 
switch stops the glow discharge but allows a substantial 
flow of current to preheat the lamp electrodes. There is 
enough residual heat in the switch to keep it closed for 
a short period of time for the electrode preheating. The 
glow being quenched, the bimetal cools, the switch opens, 
and the resultant high voltage pulse starts normal ~ 
operation. If the lamp arc fails to strike, the cyfte is 
repeated. 
3. Lampholders. 
Fluorescent lampholders specifically designed for 
the various types of lamp bases are required to support 
fluorescent lamps and to provide the electrical connec-
tion needed. For the preheat and rapid start bi-pin 
base, the original and widest used lampholder is the 
twist-tum type. With these, the base pins are inserted 
in the groove or slot and the lamp is locked in position 
by a ninety-degree twist-turn. 
Lampholders for Slimline lamps are designed for 
single pin bases. When the lamp is installed, the pin 
of one end is inserted in the small hole in the high 
voltage lampholder. The lamp is positioned to compress 
the spring which permits the other end of the lamp to be 
inserted in the fixed holder. This is the low voltage 
end or the circuit and contains the open circuiting 
mechanism that breaks the contact to the ballast when 
the lamp is removed. 
D. Fixture TyPes and Applications 
There are basically three types of fixture appli-
cations: 
1. Troffer Type. 
The troffer serves two purposes. First, it solved 
the need for a recessed unit for use in low ceilings, 
which architects were demanding as one means of lower-
ing unit building cost; second, it provided a practical 
design for a luminaire for use with the then (1940) newly 
developed lamp. The troffer fixture fits into and flush 
with the ceiling. Present troffer designs represent the 
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original principles, with the then new fluorescent 
lamps. 
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During the earlier stages of development, most trof-
fers were standardized in one-foot widths; but the cur-
rent trend is for wider units of two-foot and for more 
shallow units. Contractors are also currently inter-
ested in low brightness type troffers. Low brightness 
is achieved by the use of a completely symmetrical para-
bolic reflector for each fluorescent lamp with adequate 
crosswise shielding, and the use of wedge-shaped louver 
fins having a parabolic cross section, spaced closely 
to provide adequate shielding along the length of the 
troffer. 
Another development in troffer lighting is the use 
of the troffer as a combined light and air diffuser. 
This principle has also been used with louver and dif-
fuser ceilings. This reflects a trend to cleaner look-
ing ceilings with less structural clutter. 
All troffer design must be adaptable to many types 
of ceiling construction to meet the existing wide vari-
ety of suspended ceilings. The principle design t,rpes 
are troffers with flanges for plaster ceilings, troffers 
which conform with ceiling tile modules and are installed 
with bottom edges fiush with ceiling line, and troffers 
for installation in inverted "T" type ceilings, which 
permits interchange of troffers and tile panels for 
added lighting flexibility. 
Troffers have captured a good share of the market 
and account for approximately thirty percent of fixture 
sales. 
2. Commercial T,ype. 
This is a linear shape in usual lengths of four 
feet and eight feet and hold two, three, and four lamps. 
In most instances, it has some type of shielding such 
as a steel louver or a wrap around plastic diffuser. It 
is suspended from a ceiling using piping and can be in 
separated units or end to end, which is known as a con-
tinuous mounting. These fixtures are used mainly in 
schools, small offices, and small stores. Though they 
are losing ground to the troffer type fixture, the com-
mercial fixture is still the largest~seller of manu-
facturers and they represent a high percentage of total 
fixture sales. 
3. Industrial T,ype. 
This fixture, as its name implies, is used for in-
dustrial plants and in areas where styling is not a con-
sideration. Industrial lighting has greatly improved 
in recent years, due mainly to the emphasis placed on 
production during World War II. At that time, management 
became aware of the importance of proper lighting levels 
on production. Lighting footcandles have risen from a 
prewar average of twenty to one hundred footcandles for 
the well lighted industrial plant. Current trends are to 
even higher levels, with greater emphasis being placed on 
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lighting quality, better brightness ratios, improved 
shielding, and features contributing to easier main-
tenance. 13· 
Industrial luminaires are designed to permit from 
ten to thirty percent upward components of light, for 
satisfactory brightness control of the lighted unit 
when viewed against the lighted ceiling above. These 
high output luminaires and better control of glare and 
surrounding brightness are needed to provide the new 
higher levels of illumination now being recommended by 
the Illuminating Engineering Society as a result of a 
recently completed study of light and vision. 
New designs incorporate features such as deep 
shieldin~ to prevent direct glare; upward light compo-
nent, to light the ceiling softly and reduce brightness; 
contrast between luminaire and ceiling; smooth reflec-
ting surfaces, to minimize maintenance; ventilated 
socket and housing,to provide cool operation; and an 
upward draft action) to minimize dust and dirt collection 
on lamp and reflecting surface. 
4. Variations. 
In addition to the basic types mentioned, the new-
est addition has been the louvered or diffuser ceiling. 
In this s~em, a ceiling is lined with bare lighting to 
light the entire area. Under this mass of light is hung 
a "ceiling" of louvers or of plastic diffusers. The 
effect is a "•eilingrr that is entirely lighted with void 
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of glare. As new type plastics are developed, this 
phase of the fluorescent lighting industry has grown 
and promises to continue. Earlier types were of a wall-
to-wall construction, but current trends are towards a 
smaller l~rge-area luminous element. Several manufactu-
rers have developed a "floating" luminous ceiling, 
which is easier to install than the original fixed wall-
to-wall version. 
Diffuser ceiling lighting systems may be classified 
as one of three types: a. Integral, b. Component, 
c. Self-contained modular. 
a. The integral system consists of the electrical 
wiring system complete from which is suspended the 
diffuser rail tracks and diffuser material. Acous-
tical baffles may also be attached to the diffuser 
rail tracks when desired. This system is used 
primarily for wall-to-wall installation, but may 
also be adapted for 11 floating" or for individual 
large-area elements. 
b. In the component system, the electrical wiring 
system is installed separately in the ceiling cavity. 
The supporting grid framework is then supported from 
the ceiling separately from the aring system. Modu-
lar dimension formed diffusers are generally used 
with this system. 
c. The self-contained modular unit system repre-
sents the large-area luminous element version of 
diffuser ceiling lighting. In this system, modular 
units two by two feet, two by four feet, three by 
three feet, four by four feet, etc., consist of a 
complete metal housing incorporating wire ways, 
ballasts, lamp, a hinged or fixed face frame, and 
diffuser panels. These modular units may be in-
stalled individually or side by side to form large-
area luminous elements in a variety of sized and 
geometric patterns. 
Now under consideration and study is a sandwich 
version of the diffuser panel. The sandwich involves 
three elements; the center element is a louver, which 
would provide shielding against direct glare; the top 
element is a diffuser, which would conceal the lamps, 
provide diffusion, and reduce reflected glare; the bot-
tom element would close off the louvers, provide texture, 
form, or color. Some of the diffuser panels now avail-
able provide at least two of the functions of this 
three-element sandwich-type diffuser type. 
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With the trend to higher lighting intensities, the 
need for better brightness control of luminous panels is em-
phasized. Panels must control the brightness to avoid both 
direct and reflected glare. The goal of the lighting industry, 
where critical seeing tasks are involved, is still greater 
visual comfort through the control of brightness of the lumi-
naires and of the surroundings. Properly handled, diffuser 
ceiling lighting systems offer unlimited possibilities for 
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I 
custom installations and for individuality with standard 
equipment and components, with greater flexibility for new 
and unusual artistic lighting designs. 
APPENDIX B 
MANUFACTURING OPERATIONS 
90. ~ 
Of the army of seven hundred fluorescent manufac-
turers, actually approximately six hundred and sixty of them 
do little more than assemble fixtures from fabricated parts 
purchased from stamping companies. The remaining companies 
perform a complete manufacturing cycle of shearing sheet 
metal, fabricating, finishing, and the assembly. The follow-
ing descriPtions apply to the one hundred and eighty companies 
that follow the above cycle. 
A. Shear Operations 
The majority of the companies purchase sheet stock 
in 4 1 by 8 1 sizes and shear the sheets into required sizes. 
This is relatively a simple operation. The main trick is to 
plan the parts being cut from the sheet so that scrap is at 
an absolute minimum. With the cost of steel $.10 a pound, 
this can be an important phase. A medium size company oper-
ating at a $7 million volume can be losing $30,000 a year if 
its waste hits a 5 percent level. On the other hand, if scrap 
is held at a 1 percent level, the scrap loss is a nominal 
$6,000 per year. One other major problem in shearing in the 
fluorescent fixture industry is the matter of close tolerances 
that are required. This is because of fixtures that are hung 
.-in a series. A very small plus fraction out of tolerance in an 
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~entire lot can add up to inches when a number of fixtures are 
hung end to end (in a series) and, therefore, prevent the row 
from fitting in a ceiling. Most companies work with a ~ 1/64" 
which can be difficult to maintain when using eight foot lengths. 
While shearing is a simple operation, it involves 
excessive handling and is not overly efficient. It requires 
that stock be delivered to a shear machine and fed through to 
be cut. Stock may have to be put through more than once to get 
the sizes wanted. The cut pieces are then taken from the rear 
of the machine and put in raw stock storage until it is needed 
for fabrication. The steel is then moved to presses or brakes 
for the beginning of the fabricating operations. 
Several methods are available to improve the opera-
tion and progressive manufacturers have taken advantage of them. 
One is the use of a shear line. In this method, coil stock, 
mounted on a reel, is automatically fed into a shear and the 
desired lengths are cut by the use of solenoids that are 
synchronized with the feed mechanism. One company that depends 
on the industrial type fixture for its sales, and therefore has 
much less model variations, has highly automated this operation. 
They have set up a coil fed shear line in a series with their 
blanking and forming press brakes. To carry this one step 
further, a small number of companies are using slitting machines. 
These machines have coil stocks or large widths fed through 
it where a series or mounted roller knives slit the large 
width stock into shorter widths and the slitted coil continues 
~hrough to be rewound into individual rolls. The advantage 
here is that a company can buy large volumes of one size 
width stock and cut it to its own specifications. The sav-
ings is twofold; one is in material cost since the coil 
stock is cheaper and the large quantities give purchasing 
more economical lot sizes. The other is in labor since it 
is more of an automatic process to use coil stock compared 
to hand feeding sheets of steel through a shear. 
The reason that only a few companies employ the 
more efficient shear and slitting lines is because of the 
high investment cost. Since only twelve fluorescent manu-
facturers had sales of $6 million or more in 1959, it is 
readily understandable that the more costly manufacturing pro-
cesses are not yet economically available to the industry. 
B. Fabricating 
Once the steel is through the shearing process it 
is ready to be fabricated. The main equipment used are the 
press brakes and the punch presses. These machines range 
from sixty to two hundred and fifty tons with a few exceptions 
where it has been reported that press brakes of four hundred 
tons were in use. The basic operations in the fabricating 
are blanking, piercing, and forming. In the first operation 
the part is blanked to the specified length and width, unless 
it was sheared to exact sizes. Many times the blanking is 
combined with a piercing operation. For the piercing opera-
tion, three types of dies can be used. One of the older 
methods is the use of what is known as "D. & K." setups. 
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These are a series of individual blocks of steel that make up 
the upper punch and the lower die. These are set in place on 
the bed of a press brake and secured. The set-up of this type 
of die is time consuming and the quality or the holding tol-
erance depends entirely on the skill of the set-up man. The 
usual procedure is to set one die in place and measure to the 
next location with a steel rule. Taking into account the ele-
ment of human error, it is difficult to measure an eight-foot 
distance with a steel rule within a ~ 1/64" and to have 
matching holes.of a housing and a cover come exact. It is 
also a wasteful operation in that the same measurements have 
to be made each time the set-up is made. The second type is 
known as a class A die. A tilass A die is made of a solid 
block of steel that is larger than the part itself. The 
punches are permanently set in the block and there is no pos-
sibility of the distances between holes being wrong. Also 
the set-up is relatively simple since the entire "block" is 
set in and secured for a set-up. This type die, of course, 
is much more expensive and is difficult to justify compared 
to a D. & K. die set unless the volume is great enough. 
The third system used for piercing is relatively 
new. It is a system known as Whistler Dies and has all of 
the merits of a class A die and is inexpensive after the in-
itial investment for a die set and a set of standard type 
punches. The Whistler Die is a heavY guage sheet of steel 
with holes drilled in the sheet to the measurements required 
for the part. Magnetic punches that cling to the sheet are 
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·inserted in the holes and secured. Holes can be drilled in 
the sheet for different parts and the required punches reset 
to the desired patterns. Since the dulled sheets and pun-
ches can be used for more than one part, the die cost per 
part is very reasonable. The template cost sheet is approx-
imately $35.00 and the cost of the punches is $30.00 per 
set (standard type). Using this system can save thousands 
of dollars in die costs. Also it uses less labor since a 
series of holes can be punched with one stroke of the press 
whereas in a set-up such as D. & K., a series of holes may 
require multiple set-ups and hits. 
The third major operation is forming. Most form-
ing operations are performed with knife dies which run the 
length of the part. This is a simple die that will give only 
one form at a time. Class A dies can also be made for form-
ing operations that will give multiple forms such as a box U 
shape with one hit. Again these dies are costly and unless 
volume justifies the cost, knife dies and multiple hits are 
used. These operations describe press brake operations, but 
the same type operations are performed on punch presses on 
the smaller parts, except that most punch press dies are of 
the solid block with the punches permanently set in. While 
press brakes, except for one company, are manually fed with 
sheared parts, cut to size, punch presses can be fed from 
individual pieces, strip stock, or from coils of steel auto-
matically fed to the machine with slide feed mechanism. 
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This is not to presuppose that the preceding oper-
ations are the only types performed in the industry but the 
more important types. 
The fabricating operations require more investiga-
tion and planning than operations such as painting or assem-
bly, because as described tooling cost can vary from $200 
for D. & K. sets to $2,000 for a class A die. In the plan-
ning stages of a new unit, a forecast must be made of the 
expected sales volume in order to determine whether the more 
efficient type tools can be justified. For example, it would 
be out of the question to build a $2,000 tool for one thou-
sand parts per year whereas for fifty thousand parts per year 
it may be well worth the investment. 
c. Finishing 
While the painting operation does not have many 
choices of methods to be used and is relatively simple, it 
is a very important part of the manufacturing of fluores-
cent fixtures. The quality of the finish must be high enough 
to meet customer acceptance and to have reflective virtues. 
The first important phase of the finishing process 
is the bonderizing which increases the quality of the pro-
duct by preventing rust and corrosion and gives the paint a 
good gripping base. Among the larger companies, a five-stage 
bonderizing system is used which breaks down as follows: 
Stage 1. A cold water cleaner solution of a medium duty 
alkaline designed for pressure spray cleaning of steel prior 
to the application of iron phosphate bonderites. This is the 
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~irst step and is followed by a spray water rinse, which is 
sprayed for approximately one minute at 90 to 100 degrees 
Fahrenheit. 
Stage 2. Warm water rinse to prevent excessive contam-
ination. 
Stage 3. This is the application of the bonderite. It 
converts the metallic surface to a non-metallic, iron phos-
phate coating adopted to inhibiting corrosion and increasing 
the adhesive and durability of paint finishes. This sub-
stantial increase in the life of the paint finish results 
from the fact that the coating provides a.) clean, grease-
free surfaces, b.) corrosion inhibiting base for paint, 
c.) a non-conducting bond between the metal base and the 
paint. This spray is for approximately one minute at 110 to 
120 degrees Fahrenheit. 
Stage 4. A cold water rinse of from 20 to 45 seconds. 
Stage 5. A Parcolene solution rinse of 30 to 45 seconds 
at room temperatures. This rinse seals and neutralizes the 
bonderite coating and helps prevent yellow stains. 
The paint systems of the major companies are quite 
elaborate. It starts with a "hanging" area where parts are 
hung on conveyorized hooks for the first step of the process 
which is the bonderizing. After the parts emerge from the 
bonderizer, they procede to the painting area. Since paint~ 
ing is an important aspect ~the fixture quality, companies 
have heavy investments in painting equipment or have high 
labor cost for spray painters in order to maintain production 
and quality. The paint quality is measured in terms of paint 
covering thickness, reflectivity, and the smoothness of the 
finish. For reflecting surfaces (surfaces that show), the 
average thickness is 1~ mills. On the interior parts and the 
fixture backsides, the thickness is not important and coating 
is rather light, usually .6 to .8 mills. 
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These coatings are applied with either hand sprayers 
or with automatic equipment. The more progressive companies 
have installed Ransburg Electrostatic Systems, which work on 
a principle of magnetism. The parts travel through a shroud 
which contains a disk attached to a reciprocating pump. As 
the pump travels up and down, the disk spins at very high 
speeds throwing out paint in a spray. The paint is fed to 
the top or the disk from paint lines that are part of the 
pump. The paint on the disk is electrically charged to give 
them a positive magnetism while the parts travel on a convey-
or that is negatively grounded, which in turn grounds the 
parts. This causes the charged paint spray to attract to the 
negative parts, which prevents the paint spray from flying 
off in all directions and not effectively covering the parts. 
Since the feed of the paint is machine controlled and the up 
and down stroke mechanical, the parts receive a smooth finish 
of a measured thickness. The savings in paint amounts to 
approximately fifty percent so that while the systems are 
costly to install, they pay for themselves within a year if 
the company has enough volume to utilize the equipment. One 
or the first companies to install this s~em was Smithcraft 
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Corporation of Chelsea1 Massachusetts. They installed a one-
disk system using touch-up spray painters to cover what the 
system missed. Today they have four disks and most of their 
parts are painted without any touch-up. 
Before the development of electrostatic disks 1 an 
electrostatic system of fixed spray guns was used and still 
is by some companies. In this system 1 guns are fixed at cer-
tain positions and spray into an area charged with electricity 
through which the parts move. This system always requires 
touch-up and is not as effective inather the paint savings 
or in the quality of the covering. The smaller companies use 
hand sprayers 1 which is costly both in labor and in paint 
usage. From the painting area the conveyors travel thnugh 
the baking ovens to dry and harden the paint. The tempera-
ture of the ovens depends on how long the parts stay in the 
ovens 1 which in turn depends on the speed and layout of the 
conveyor system. At Smithcraft Corporation, the parts are 
baked for fourteen minutes at a temperature of 325 degrees 
Fahrenheit. From the ovens the parts travel to an assembly 
area where they are taken off and stored to await final 
assembly. 
D. Assembly 
Assembly methods vary in the fluorescent fixture 
industry from balanced progressive assembly lines fashioned 
after the auto industry assembly lines to individual benches, 
where one operator assembles an entire unit. In between this 1 
a. few companies have set up be:ch tearns 1 where two or three 
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~perators assemble a unit and pack the unit ready for ship-
ment. It is interesting to note that within the last two 
years, two of the major companies have switched assembly 
methods. Whereas one used progressive lines and the other 
individual bench assembly, the progressive line company has 
changed over to benches, and the bench assembly company has 
installed progressive lines. It is difficult to practically 
determine that one method is superior to the other since it 
depends more on the type of volume the company has rather 
than the respective merits of the various systems. A com-
pany that has a huge number of model variations and short 
assembly runs would be more effective using benches since 
this combination causes excessive changeovers and lost time 
on progressive lines. Progressive lines are most effective 
where the company can run one type model for at least one 
day. The team bench method offers some of the advantages of 
both systems and may become more popular in the future es-
pecially since major cost reduction programs have simplified 
the design and lessened the number of parts used in the final 
assembly. 
The assembly process for fluorescent fixtures uses 
very little equipment and the investment is relatively small. 
This has led to an influx of small companies known as "tin 
knockers 11 who are mainly assembly plants. These companies 
purchase their fabricated parts from stamping houses. They 
do not bonderize their materials but dip them for rust-proof-
ing and use hand spray painting with lower grade paint mixes 
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·and hallow paint thickness. They use low cost facilities 
and opy the designs of the major companies. In this way 
the a-called "tin knockers" have been able to assemble fix-
tures for sale at very low cost due to the very low overhead 
or burden cost. These companies have done more to hurt the 
industry than any other single factor. 
The foregoing has been a description of the major 
manufacturing processes, but it is by no means complete nor 
is it intended to be complete. 
To briefly summarize the processes of the industry 
we find opposite extremes between the major companies and 
small companies.* The major companies have modern efficient 
plant and facilities while the others operate on a "shoe 
strong." The paint systems of the major fluorescent manu-
facturers are among the most modern and efficient in the 
country and second only to the auto industry. Fabricating 
equipment and methods are up to date with automatic feeds, 
slitting lines, and roll forming equipment being used. 
Assembly methods have been patterned from the mass produc-
tion industries and many fluorescent companies have increased 
their assembly capacity ,by thirty percent and more through 
improved methods and designs. 
*Sales Volumes 2 million or less. 
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